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One way of dealing with the ungraspable complexity of the environment consists of making 32 generalizations 1,2 . Previously learnt regularities of the environment can be useful when applied to 33 novel situations. For example, a novel nutriment can be categorized as inedible based on past 34 experiences with truly harmful ones. This competence called fear generalization (FG) is a 35 remarkably high-level cognitive ability that builds upon more basic skills such as object 36 recognition and categorization, statistical learning, perceptual learning, memory, affective 37 processing and conceptual learning. FG provides an important opportunity to study how basic 38 cognitive abilities, which are typically studied in isolation, function collectively to generate 39 adaptive behavior in a complex world. Notably, dissonance between these abilities manifests as 40 maladaptive behavior and may result in mental health disorders [3] [4] [5] [6] [7] [8] , such as specific phobia. These 41 are characterized by an overgeneralization of previous harmful encounters, leading to the 42 perception of truly safe situations as harmful. Therefore, understanding the neuronal and 43 computational mechanisms of FG is crucial both for basic, as well as clinical neuroscience. 44 45
The study of human FG has benefited enormously from well-established experimental paradigms 46 dating back to Pavlov 9-14 . The rationale behind these paradigms consists of characterizing how 47 learning generalizes to other events based on their perceptual similarity with a harmful item. 48
During conditioning, humans learn the characteristics of truly harmful (CS+) and safe (CS-) 49 events. The harmful quality of the CS+ is established by pairing it with an aversive outcome (UCS; 50 e.g. mild electric shock on the hand) using well-established conditioning paradigms 15 , where 51 learning can be objectively monitored. Empirically, FG is characterized by measuring fear-related 52 responses to other stimuli organized to form a continuous similarity gradient (Fig. 1) . Typically, 53 responses decay with decreasing similarity to the CS+ resulting in graded fear tuning profiles 1 . 54
The strength of this paradigm consists of parametric characterization of behavioral and neuronal 55 fear tuning profiles based on their peak positions and widths 16 (Fig. 1) To capture this transition, it is necessary to establish a novel experimental paradigm where the 278 CS+ and CS-will characterize two probabilistic category structures 31,51,52 defined across two facial 279 features (e.g. gender and age). Across interleaved conditioning and test phases, participants can be 280
given the possibility to extract the underlying category structure 53 . Importantly, it is crucial to pit 281 the category membership of faces against perceptual similarities to investigate their independent 282 contributions over the course of the learning. To this end, all stimuli will be characterized both (1) 283 by their similarity to previous harmful faces, and (2) by their category membership. By modeling 284 fear-related responses (i.e. SCR, explicit ratings) with these two predictors I will quantify the 285 contribution of perceptual and categorical factors. I predict that with the emergence of categorical 286 knowledge the contribution of perceptual factors will diminish. This will therefore establish an 287 important link between two cognitive abilities that were so far studied separately. face with UCS at unpredictable moments (Fig. 3A) . This results in the emergence of fear tuning 342 that dynamically grows along the course of the experiment (Fig. 3A, shock To achieve this objective, I will aim to introduce biases on fear tuning profiles via subthreshold 366 electrical stimulation. I will use the loudness of white noise auditory bursts as UCSs with 367 presurgical patients. Therefore along the generalization gradient faces will be paired with 368 increasing loudness levels. The CS+ face will be paired with the loudest UCS. I will aim to 369 increment the aversive quality of faces closely neighboring the CS+ face with electrical stimulation 370 in a reversible manner across two different runs (Fig. 3B ). For stimulation, we will use electrode 371 contacts that are functionally related to FG, which will be characterized previously. Using this 372 methodology I will investigate the causal contribution of different neuronal sites to the production 373 of fear tuning profiles. 374 375
